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SUMMARY

This report presents the results of a bench test program conducted
to evaluate a candidate seal which was a proposed replacement for
the 206-040-111-7 seal used on the OH-58A main input driveshaft,

206-040-100. The purpose of the seal is to provide lubricant re'-
tention in the geared couplings and exclude external contamination. i

Four candidate seals, part number 720405 manufactured by Chicago
Rawhide Manufacturing Company, were installed on two 206-040-100
driveshaft assemblies and tested on the 204-048-017 regenerative
driveshaft test stand, BHC R & D Lab. The two driveshaft assem-
blies were run for 150 hours in a dense dust atmosphere, while
transmitting normal engine power.

After 128.5 hours, a trace of coupling lubricant was observed on .
the external surface of one of the candidate seals. Subsequent ;
investigation revealed a small hole in the seal elastomer. The

test was continued to 150 hours with the above candidate seal re=-
placed by the 206-040-111-7 seal (production type). ’

At the conclusion of 150 hours of bench testing, it was determined
that a hole had been generated in one of the three remaining can-

didate seals, 720405, which had continued to run after previous

replacement of the first 720405 candidate seal at 128.5 hours.

Final inspection showed all components of the driveshaft assem=
blies to be in satisfactory condition despite the occurrence of a
hole in two of the candidate seals, one at 128.5 hours and the
other at 150 hours. Each candidate seal provided adequate con=-
tamination exclusion and no coupling degradation occurred.

Based on the satisfactory condition of the couplings and lubricant
after the 150-hour bench test and the accelerated wear environment
imposed by the dense dust atmosphere, it was concluded that the
candidate seals had performed adequately.

Two additional Chicago Rawhide seals, 720405, were subsequently
run during a ground endurance test of an OH58A (not a part of
P.I1.P. 69-~16) for 120 hours with satisfactory results. FAA certi-
fication of the 720405 seals was obtained based on the ground en-
durance test.

7872 %%428
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INTRODUCTION

This report presents the results of Product Improvement Task 69-16
wherein a bench test evaluation was conducted on a proposed im~
proved elastomeric seal installed on the OH-58A main input drive-
shaft. The purpose of the new seal was to provide improved resis-
tance to deterioration due to atmospheric elements and to increase
the operating temperature range above that of the existing 206~
040-111-7 seal.

An evaluation of four candidate materials was made in BHC Trans-
mission Process Laboratory, Reference 1, which consisted of a
series of high temperature emersion tests in synthetic oils and
coupling greases. The selection of Chicago Rawhide Sirvene 406103
material was made based on superior retention of mechanical prop-
erties exhibited during the evaluation. A subsequent bench test
of 150 hours duration was made in BHC R & D Laboratory on 204-048-
017 driveshaft test stand using four seals manufactured by Chicago
Rawhide to part number 720405. The bench test was conducted under
extreme environmental dust conditions with the periodic applica-
tion of SAE J-726A sand into the seal cavity. Oscillatory torque,
axial chucking, and oscillatory angular misalignment were also im-
posed on the driveshafts during the test.
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DISCUSSION

TEST STAND DESCRIPTION

The 204-048-017 driveshaft test stand, Figure 1, is a regenerative
torque test machine consisting of a drive motor, two parallel
gearboxes, two driveshaft assemblies (test section), and a torquing
device. The application of torque to the two driveshaft assemblies
(Figure 2) is accomplished by generating relative twist of two con-
centric shafts by the torquing device, which is a rotating helical
ramp and follower arrangement. A hydraulic cylinder is used to
load the follower against the helical ramps. The gearboxes, one
stationary and one movable, provide a 1-1 ratio between the test
shafts and are driven by the electric drive motor through the
stationary gearbox. The movable gearbox can be articulated to im-
pose axial chucking and oscillatory misalignment to the driveshaft
couplings. The test stand is capable of generating 14,000 inch-
pounds of torque and 7500 rpm in the test driveshaft assemblies.

TEST PROCEDURE

The bench test of the proposed improved OH-58A driveshaft grease
seals was run for a duration of 150 hours under the following con-
ditions:

Speed 6400 RPM

Torque 3100 Steady * 2000 Osc. In.-Lbs
Driveshaft Misalignment 2 1/4° Steady + 3/4° Osc.

Axial Motion .090 Inches Osc.

Oscillatory Frequency 10 CPS

The two driveshafts used in the test were assembled according to
BHC drawing 206-040-100 with the exception of the two prototype
seals, Figure 3, installed on each shaft assembly in place of the
206-040-111-7 seals, Figure 4. Two and one-half grams of test
sand (SAE J-726A) were deposited between the elastomer and the
cone of each seal assembly at the start of the test and at every
25-hour interval. At one-hour intervals the surface temperatures
of the 206-040-108~5 female couplings were measured by touch
pyrometer and the driveshafts were visually inspected for signs
of grease leakage.

TEST COMPONENT DESCRIPTION

The proposed improved seal consists of an elastomer (Chicago
Rawhide Sirvene 406103) impregnated cloth (nomex tricot) bonded to
an aluminum ring and supported radially by an aluminum cone,
Figure 3. The new seal is physically and functionally inter-
changeable with the 206-040-111-7 seal presently used on the 206-
040-100 driveshaft assembly.
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Figure 1.

Figure 2. Test Driveshaft Assemblies, 206-040«100.
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Bon0ED To -3 SEAL————

Seal Configuration, Proposed Improved Seal.

—(DCONE , BONDED To -9 SEAL

Figure 4.

(9) SEAL

Seal Configuration, 206-040-111-7.
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INSTRUMENTATION

Instrumentation used in this test consisted of the following:

1. Recording oscillograph, CEC Model 5-124A (BHC S/N FB2466)., to
read strain gage output monitoring driveshaft torque.

2. Tachometer=-Stroboscope, Model 832 Tachlite, to monitor drive-
shaft speed.

3. Dial indicators to determine driveshaft misalignment angle.

L, Touch pyrometer, Model 269 Pyrometer Instrument Company
(S/N 63-2600) to monitor coupling temperature.

All instruments utilized in this program were calibrated in BHC
Standards and Calibration Lab in accordance with manufacturer’s
requirements.

RESULTS OF TESTING

After 128.5 hours testing, grease was visible on the external sur-
face vr the No. 3 test seal, Figure 5. The driveshaft containing
this seal was removed from the test stand for partial disassembly
and inspection. A small hole was found in the seal elastower,
Figure 6. A standard 206-040-111-7 seal assembly was installed as
a replacement for continuation of the test with two and one-half
grams of test sand added to the replacement seal only.

Upon completion of the 150-hour test, both driveshaft assemblies
were removed from the test stand for disassembly and inspection.
A very slight amount of grease was visible on the external surface
of the No. 1 test seal and a minute hole was found in the elasto-
mer, Figure 7. Figure 8 shows typical wear on the inner face of
the aluminum cone of the seal assembly at the end of the test.

Candidate Test
720405 Time, Hrs. Discrepancy
1) 150 Small hole
(Figure 7)
Z 150 None
3 128+S Small hole
(Figure 6)
4 150 None

TABLE I - Bench Test llistory
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Figure 7. Failed Seal After 150 Hours.

Figure 8. Cone Wear After 150 Hours.
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CONCLUSIONS

The elastomer-lubricant compatability test (Reference 1) showed

improved resistance of the new seal to deterioration in synthetic
lubricants and coupling lubricants compared to the 206-040-111-7

seal. The 150-hour bench test showed excellent life in the dense
dust atmosphere and the seal provided adequate protection for the
geared couplings and coupling lubricant in spite of the develop-
ment of a hole in each of two of the seals during the bench test.

A ground run of 120 hours duration was made on an OH-58A subsequent
to the bench test run with the proposed seals installed on the main
driveshaft. Coupling overheating occurred at some time during the
ground run at which time the coupling grease deteriorated. How-

ever, the improved seal showed no signs of deteriorating (Reference
2) due to the overheating condition and was considered satisfactory
for additional operation at the conclusion of the ground run.
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RECOMMENDATIONS

Based on the elastomer-lubricant compatability test, the 150-hour
bench test and the 120-hour ground run, it is recommended that the
improved seal manufactured by Chicago Rawhide Company, P/N 720405
to BHC P/N 206-040-138-1, be accepted as a replacement for the
206-040-111-7 seal.
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INTRODUCTION -

Presented herein are the results of tests to determine the
change in thé properties of the input driveshaft grease seal
elastomer compounds resulting from immersion in synthetic oils
and greases. This elastomer-lubrication compatability test
was conducted per Reference 1.

The following four temperatures were selected for immersion
tests:

1. 250 +5°F (121.11 %22.77°C)
2. 225 45°F (l07.22 *2.777°€)
3. 200 +5°F (93.33 +2.77°C)
K. 175 £5°F (79.4hk *2.77°C)

The elastomer specimens were immersed in the lubricants to a
maximum of 30 days. ;

Three elastomers in two configurations (Table I) and four
lubricants (Table II) were tested at the above temperatures.

RESULTS

The results of the changes in properties of the grease seal
elastomers. from immersion in the lubricants are given in Tables
III through XVIII. The hardness, volume change, and weight
change results are an average of two specimens, except where
noted. The tensile and elongation results represent one speci-
men. :




7872 %%42¢

Page 17
Report No. 206-097-010

sy__R. Maddy MODEL PAGE___2
BELL HELICOPTER comemany
CHECKED P. Finn PRST BFFICE ?u o . FONT wamtE L TE1AY . 20671R-003
SUMMARY

Examination of the test results indicate the following general.
conclusions:.

1. None of the elastomers tested withstood 30 days in the
greases at 250°F.

2. The materials identified as "C'" and "F'" (Sirvene 406103)
showed less change in properties in Anderol L-786 and in
Syn-Tech 3913-G than the other elastomers at all tempera-
tures.

3. The MIL-L-7808 and MIL-L-23699 oils caused greater change
in properties than did the Anderol L-786 and Syn-Tech
3913-G greases.

4. Material "A" (J8422-13, Type 3) showed less change in
properties than material "D" in all the lubricants at all
temperatures, although they are the same elastomers.

5. Material "B" (J8422-13, Type 1) showed less change in
properties than material "E" in the greases, and more
change in the oils, even though they are the same elas-
tomers (reference .Table I).

DISCUSSION AND RECOMMENDATIONS

The Chicago Rawhide Sirvene 406103 elastomer showed less over-
all change in properties in the greases than the Lord J8422-13,
Iype 1 and 3, elastomers, and is worthy of further testing in
test stand operations.

Syn-Tech 3913-G grease shows to be more compatible with the
elastomers at the lower temperatures and should be given a
more extensive evaluation. :

It is recommended that the program be continued to locate
improved grease seal elastomers.
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APPARATUS AND TEST MET=0D

Sample Preparation

The hardness and volume change specimens from the elastomers
identified as A", "B, and ''C" were sectioned in approximately
equal portions from the boots. The tensile specimens, which
had to be modified due to size, measured 0.25 irch wice by 1.75
inches long by 0.085 inch thick.

Samples for hardness and volume change tests from "D" and "E"
materials were prepared to measure approximately 1.0 inch by
2.0 inches by 0.085 inch. The tensile specimens were preparad
using an ASTM D-412-51T, Type C, die.

Specimens of "F'' elastomer were furnished in the pre-cut condci-
tion. \

Volume change specimens were also used for weight change tests.
Each sample was tagged for identification.

Immersion Procedure

The specimens were placed in glass beakers. The specified
lubricant was added to completely cover the specimen and then
heated to the specified test temperatures.

At the end of each test period the samples which were immersed
in the oils were removed, placed in fresh oils 2zt room tempera-
ture for 30 minutes, then removed, quickly rinsed in acetone.
blotted with paper towels and subjected to the respective tests.

The samples in the grease were removed, cooled at roo= tempera-
ture for 30 minutes, quickly rinsed in nzptha, blotted with
paper towels and subjected to the respec:ive tests

n
.

Test Procedure

Measurements were macde before immersion in each test mad
immediately aZfter each period of exposurz, The periocs
exposure at the test temperatures (250, 225. 202 and 175 %5°F)
were 3, 7, 15 and 20 days.

Q
h

The test specimens used for hardness and weight tests were used
for all exposure periods, with each specizen being returnec <o
the respective oven and media following Its mezsurements af:2
each period of exposure. Test measurements wer= conducted as
follows: .

"y
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Volume - Change in volume was determined in accordance with
the procedure under Method 6211 of the Federal Test Method
Standard No. 601, Reference 4.

Hardness - Initial hardness and hardness after immersion
were measured with a Rex A durometer, in accordance with
the procedure described under Method 3021 of the Federal
Test Method Standard No. 601, Reference 4.

Tensile Strencth and Elongation - Tensile strength and
elongation of original specimens and specimens after im-
mersion at 3, 7, 15 and 30 days were determined in accord-
ance with the procedure described under Method 6121 of the
Federal Test Method Standard No. 601, Reference 4. Tests
were performed using a Scott tensile testing machine.

Weight - Initial weight and change in weight after immersion
were determined in accordance with the procedure described
under Method 6251 of the Federal Test Method Standard No.
601, Reference 4.

7872 %3428
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TABLE I
IDENTIFICATION OF ELASTOMERS
Material Manufacturer's
Designation Source Designation Composition
A Lord Mfg. Co. J8L422-13, Type 3 Urethane
205-040-176-1
Configuration
B Lord Mfg. Co. J8422-13, Type 1 Urethane
205-040-176-1
Configuration
C Chicago Rawhide Sirvene 406104 406103
Mfg. 205-040-176-1 Elastomer
Configuration
D Lord Mfg. Co. J8422-13, Type 3 Urethane
| Slab Material
E Configuration
| E Lord Mfg. Co. J8422-13, Type 1 Urethane
: Slab Material
I Configuration
F Chicago Rawhide Sirvene 406103 406103
} Mfg. Slab Material Elastomer
E Configuration
é d
E
!
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i
[I




i T

Page 21
Report No. 206-097-010

BY R. Maddy MODEL paGE__ 0
BELL HELICOPTER compPanNy
CHECKED P. Finn PRSI BFNILE .lu W . FONT waRTa L TERAS Sy 20671R-OO3
TABLE II.
IDENTIFICATION OF LUBRICANTS 7
Sample Manufacturer's
Designation Manufacturer Designation Specification
1 Lehigh Chemical Anderol L-786 204-040-755-3
; 2 Syn-Tech Mfg. Syn-Tech 3913-G
3 Shell 0il Aeroshell 500  MIL-L-23699
4 Stauffer Chemical MIL-L-7808

N Tea

7872 w3428




22

Page
Report

206-097-010

~
llo.

pPO3LI0TI0300 = {

m% ALILNVAO Q3

LIWIT OL 30d

- -

mmDB<MmAXMH 4,060

- -

OL d3LO3d[E(iS LON

|
|
|

*SNZNI1D3dS

- -y

Ut
S1

~
™
o
w 9
Qo
&
o
~
O
o
~N
-
S
g
s S
B
0z
Ll
£ s
;
0
)
-
- 3
i
83
(-
=
ot
<9
[
3 X
T A
o
=
o )
S
v
w
= %
L v

a a a a a a a o¢
a a a a a a a S1
a a a a a a a L
a a a a a a a £ w
- - 0S¢L _ - | 0064 08 - 1208130 | 3
a g a a a a a 0¢
a a a a a g 1 a S1
a g - 0S¢ 98 00§ a a L w
fh 81 S9¢ €L 0001 S9 S B -8
S ST O S R L S¢ - |1euidize | @
a a a a a a a ug m
a €S 0S¢ LL 06¢ a a Sl _
1 91 0sh €€ onll LS € L “
it h1 019 S 0191 S9 4 - ‘
AR, ISl uuu-nMnm L ! WA 00s1 S9 = 1BULsT20 | o]
a S6 0t 68 014 a |. a 0¢ -
a €9 ohl 16 0€¢ a a S1
a 62 S92 1 0011 a a L
z L 0S¢ €S 06L1 S h €
- - GLE E > o1s¢ SL - 1eutd10 €
a 8L 09 €8 086§ a a 0¢ ,
a ¢« N9 001 06 oce a a 61 h
a 6 SLT L SL8 a a L
€ 0 GLT L 098 LS b £ | _
- - §LT - | 09¢e | 0L - 1ours130 | v
% % % as8uBY) [ y3suoaas VvV X9y | % saeQg | 18TI0J UK |
23uryn uot3ETA®Q | LOT3IERBUOLZ 9, 911Suv] | ssoupaey 28uuy) _ W
3y31oM | uotywsuoil 9j1su9l |  (ISd) | dwnjoA | |

do06C @ ISVEYO 98L-T-T0UIANV

IITI 37T4EVL

]
_
_
|
“

|
|
_

!
i
i

|

PTYLS Tiwi




Page 23

0
=
o
- m &
~
of & &
< ~
A O
b= o
i N
o)
zl o
L)
o
ﬂL -
of 2
[
4
::
m“
Pz
L ]
¥z
mu
P.
o-
V.
J s
W=
I:
gz
@ s
=
=
= e
Lol ¢
J
(48] .
=
; o
=4 w
x
v
-
SR
@ v

"Po3EI0[Jd039p 9 [QUWUS 9UQy - pPusald0[d039d = U :SII0N

£ S¢ 009 z 007e 0s h 0g

1 At 00¢ 0 0s¢ce GS 4 Y |

1 j 1 SLL he- 0e0¢e SS 16 L

1 *3823 8sIY3 I03j 27Qe1ieaP Ha1dues Oy 09 1 €

. - g 008 " 0s¢t 09 - 10U 4330 d

a oh 00¢ 88 S6S a a 0g

a 08 0S1 S6 09¢ a d 61

a 19 067 g8 (¥4 a a L

1 £s 0S¢ LL ohtl SL A b

- - 0S¢ o 0064 08 - 183330 | 3
- o o o s o - o > = e o e o o o . " S B = e > ] > o w5 e e > ] e e e e - -

a 6¢ 0€2 1S 0641 a a 0¢

4 8 00¢ 0s 681 h h ¢1

€ 1) 012 Zs 0941 29 f L

1 9¢ onwe th 0s02 ¢l 4 £

= . 4% . 069¢€ S¢ > 1eu1d130 a

1 91 osH 12 o€l | 09 1 o T

1 E = 0SS %4 01€1 <9 1 g §

1 th 00¢ 8¢ 01¢1 S9 1 L

1 ST 00h £ - 0€Ll S9 1 £

- - €S - 00s1 9 = 1uui8130 0

a € 052 5SS ¢ 0cL1 ] a-[7d B 1 .

4 61 061 S9 0gel ot i €1

[4 G¢e She 1€ 0h9te 9 £ L

| L 0S¢ 9€ onhe TL 4 m

- - SLE - 018¢ L - 18u18120 € |

a L2 002 hh 0481 a a 0t |

Tx . 539 001 6¢ 06€7 Shx tx s1 - “

£ 6 0S¢ i 09%¢ 0% i 4 |

[4 0 GLT (A% 062 A £ & A

- = sLT - | o9ee Y - | 1eutSiao | v

o o % esuey) [ y3suvass V X9y % sduQ TUIIOJ 0K |
23uesy) uolieraag | woI3RBUOIZ 9, 911sus] | ssaupary | 9dJuey) _ |
3y81opM | uoravsuols 2711Su9] (1Sd) QWNTOA ~ m

Al 3THV.L

d,5¢C ® SVAYO 98/-T TOERANV

PTYES Eiwe




.

- .CLUCLCWLCLCT CHCFCV. C'.Cé. 4?0.«(‘0 .r.Nc,u...;FuH = Q “J.. Hr\?.v,vc
2 9 a a a | a | on 6 oe |
S " 1 a a a a gS 1 _
= e 1 9 0S¢ o€~ 0262 SS z L |
L ....u. 1 1 *369] m..nﬁ.u d03 w.ﬂﬂmﬁwﬂbm mw._.DEQm ON LS 1 5 » | 1
gl & & - - 008 - | osez 09 - | 1wuidao0 |
© ° a L8 001 $6 one a a 0¢ |
o & a a a a a a a 1 |
. a a a a a a a L 1
o z 1€ - S9¢ r4°] 006 LS z c_ ||
- ™l o - - 0S¢ ~ 0064 08 - 1eurdiao 3
c! & o Sttt dloddl Al Eadl Bt e (D Ll R Rt Bl e el e Rl Rl R KRt g il B Rl ettt ol
<M 9 = Cx a a a a OLx 1% 0¢
wal S h a - a a a $9 S 51 |l
a3 h a a a a L9 S £ ¥
¥ ¢ 0z 092 nl 0L1¢€ L € ¢ ;
{2 o = 4% - 069¢€ SL - 1eu1d130. a |
g3 z a a a 8 G i S i e s S NM
& 0 a a a a 09 = s1 |
£ : 0 e~ 00¢ 11 G881 S9 z- L 1
5" 0 z1- 009 91- 0961 9 1= € ¥
0. - - €S - | 00L1 9 . 1oudTa0 > ||
D a €9 o 29 0L2Z1 a T T e R |
et z L8 0S 86 0L 29 € ¢1 |
7 z €€ 052 LS 0h91 0L rA L ¢
a3 1 1 0Lg = 006€¢ 0L z € __
- = SLE = 018¢ SL - 1BUIB1I0 g |
E R C R e R e el o et o
a . a a a a a a o€ 1
z . Y= 0z¢ 91 0182 59 g Sl X
£ (4 z 042 0t 0692 0L f L __
- 1 6 - 00€ 0z 089¢ 0L » € * .
© . " SLT = | 09¢¢ 0L ¥ 19u13130 oo _
] - % % A aduey) | yasuoais V X9y % sdug 181a93 8N "
= alduey) uot3jeIAadQg | uorjelduoll A 91ISU9] | Ssaupaey 28uwyn |
- Jud1oM | uotjedlioily 9711SU9T, (1Sd) 2WnoA _
x
) m 4,007 @ 3SVAYO 98/-T1 TO¥IAANY
o A BTEVL

e E L1440 I 7409




Page 25

206-097~010

Report No,

10

PAGE
20671R-002

MODEL

RPT

«® FOOI WINTe L TLNAS

BELlL HEUCOPTER —oMimany

PEST QITeIE R0 a2

R. Maddy

BY

Finn

P

CHECKED

*pP23LJI0TI03VD 91CWLE 9UQx .czucuowpmﬁza = d : S1.10N
a 0s oon £l 0961 ¢ a OE
0 1 SLL 9e- oligd L% 0 ul |
1 cl 00«4 QL= 08nZ SS i L f
0 *3s9] s8Iyl JI03 27qeireae sai1dues ON 09 0 €
. . 008 - | oszz 09 - 19153730 a ||
""--'L'.d""'lll-L"l"'l'"'l-'--".'ll-I'-'l"'l"l‘-'l'l""-""L'l'-"""l-"l'l'. iw
a d a a a a a ot
[4 €1 059 6% 020¢ 5S 1% Sl H
4 08 0s1 €6 0s¢ z9 € L |
1 (8 - 001l u{® ole 08 1 b tH
. - 0SL - __ ] 006% 08 s 18UT0TI0 ! |
a . 09 0€1 (013 06G¢C a a 0¢€ w
S 0 14 L1 0S0€ OL -4, & <1 ||
S 62 0€7 z1~ 0S 11 59 L L H
A €C 0s¢ LE SCEC Sl h £ { |
» = §2¢ - | 069¢ S¢ - 1eu18120 a |
Tx a a d a 09~ Cx ueg (|
0 91 0Sh 91 oenl S9 0 Gl 1
1 L G6¢ G = 0641 S9 1 4 [
0 L 005 S - 06£1 $9 0 4 H
- - 5Es - | 0oLl $9 - | 1vurdro 0 |
a a da a a i PRI o€ H
4 6 ohe €e 09s¢ 09 ) 51 “
[4 5 ¢ G6¢ S GZ9¢ $9 k. 4 _
1 6¢ 0€c 0L 0€11 S9 1 13
. = L€ - _joise <L , 18uT8140 g “
a a a a a a T H
z e T 00€ eT 0097 59 : 61 > H
z 6 - 00€ 8 S60¢ 0L € L H
1 0 SLT 09 Ohel 0L 4 € H
= = SLT . 09€¢ 04 . LOuTSTa0 | v !
% 7, % 98uvq) | yasuodas vV Xou o §A0Q | 1UFX930N | |
?3uey)y | uotieiasq | worae3duolly % 911Sud] | ssoupawvy | 23uey)d , i
3y81om | uotjedLols 2115UDY, (1Sd) SWNIOA _ “

doGL1 @ 3SVAYD 984~T TO¥IANV

1A

LA

|
i
{
{

eTreE Tuiwd




26

Page
Report No.,

206-097-010

11

PAGE
20671R~003

MODEL

oy o~

RPT

LICOPTER company

BELL HE

. BT wERTE L 1249

POS1 RfICE Mo a2

R. Maddy

BY

Finn

cHeckep __P.

*pU3uaoIdogaq = : S ION
| w 0g H

*SNEWIOALS R _ ”
40 ALIINVNO QILIWIT OL 3Ng 3¥NLVIBAWAL 4,067 Ol QELOALEUS LON m ||
10u18130 e i |
lll.ll.'lll..ﬂl..ll'l.lllll.l'.'.ll..lll|l|llllllll'Jll-ll.l.llllLlllll'lllllllllllll lll’H'lll',llll'lll' _
a a a a a a a ot “
a a a a a a a S1 H
a L9 0s? S6 0he a a L i
S h8 0zl L6 051 9 L € i
. - 0SL - 0064 08 - 1eu13130 3 |
a a a a a a a o | i
a a a a a a a S |
a gh- 084 L SL6 a a L |
¢ ze- ogh 29 06€1 09 6 € | 1
- - 44 - | 069¢ St -, |-18u18320 | a |
a a a a a a |  a oc T I
S 99 081 62 0121 5§ 6 S1 i
S €€ 09¢ €S 008 SS 8 L (|
€ 8§ 44 €S 06¢ 9 9 € :
- i S€S ol 0041 9 E 1BU3130 0 I
a a a a al i R B e i
a a a a 2 a a S1 ||
a €T 067 L8 00§ a a L ¥
f g & oht L 0901 Lh L £ 1
- 8 SLE - | oisg S¢ . 18u13130 a |}
a a a a a a a 0 |
a ) a a a a a a S1 _
a z 042 98 094 a a L _
b 79- osh $9 011 Sh L < H
= = SL2 = 09¢¢ 0L - 1eu18130 RS
9% 9% % ?8uey) | y3sueass V X0y % sdg( ﬂmwhoucx“m
a8uey) uotarTa9g | uoriesduolzy 9% 911Ssu9 | ssaupuaey [ 98uey)n m
3y81oM | uoriesuoly 9118udy (1Sd) 2WRTOA !

do06C @ ASVAYD O-¢g16€ HOEL-NAS
ITA 3TEVL

PTPEE Tiwl

Al



S ™
= o
i| & <
gl £ &
i 18
& o
-~ ~
o)
= w
™~ w
N W .
v o b3 e
w0 & -
o U
A & W;
7.
4 g
v
£z
we
=
v &
0
g.
e
W=
Iz
Uz
{2
c
=
ol
o B
Tl e
.MP
=
] o
oq ¥
v
-
» x
o v

*(,,0Z) 1°4a€d3 30 3NO uUva - 3Boaq 30U pPIQs« *pojuaoradiog = @ : SH.I0N
01 Z9 00¢ 9n A 0§ hl Og m “
L 61 089 8 GL0T o 01 o1 _ _
9 0 008 T A 004 #x GS 6 L _ |
m ©31869] mwﬂu how wAﬂmawmbm AUHQEQM 07H LS L 9
- - |_oos8 o %44 ' 09 - 10U 5130 | d
a a a g | a a a OF |
a €1 059 86 §L02 a a G1 _
a 9L 081 416 ol¢ a a L V
h €L 002 06 0LY S9 € £
* " 0S¢ . 0064 | 08 . 1eu13730 | c “
e e e i i e ettt el
a 8 00¢ €L 0001 a a 0 _ w
h hG= 00§ 8S 0s61 oh L c1 _ 4
L S 01¢ 1h GL1T 09 01 L
9 1 0z¢ LT S0L2 0L 8 £
- - 343 - | oe9s | - | 1ewis1z0| @
h 8¢ 0ce 1S 0€s 09 TR 0t |
h LS 0€T 9¢ 0801 09 9 S1
¢ ot 0z¢ ¢c onll 09 S L | _
z LS 0£e g€ onll <9 : £ ] __
- - SES - | 00s1 59 - | 1vuiSiao0 | 5 -]
a a a a a a |. a O€ |
€ Z1- ozZh 9g 0691 L€ S c1 m
U] €E~ 00§ o€ 089¢ 0§ L L _
€ ¥4 08¢ 8¢ 09¢€¢ 0L 9 g _
> - GLE - 018¢ Gl - 10u18130 | g
a e a a a a a 0¢ |
€ I 09¢ €9 0sZ1 oh 9 S1 W .
h Sh= 00k i G881 LS 9 L " |
h 9¢ S(1l 9g oe: L9 9 ¢ * {
“ . SLT 5 09¢ 0L - 10u18130 | v
% % % adueyn suv;opum vV X9y % sAuQg RCFECEE
owcqco uorjetaaQg co,umwcoﬂm A 9115u9] { ssaupaey a5uuyn
JyS81om | uorzelduoldy ?11suoy i (ISd) 2WAT0A

doS5C¢

IIIA 37T9VL

©® 3SVHY¥O O-¢16€ HOQL-NAS

LA AL 4 1Y




| [ WO 3uaodoIq gUTING O50XTxxx DU UI0OTIOIOp o (dUWTs 9uQx "POATI0 0L Yg = d : 4 1ON
a a a a a | a | a oc __ .
= 1 L a a a a 05 | 11 51 m ¥
P S 8 a a a a 0§ | 11 L _ |
s1.8 7 f *382) STY3 I03] 2]qB1}EAB Ed]1CWEE ON 09 | 9 € [
el = B . - 008 - | ogez 09 | - 1043730 | a |
~ - - ] - . e . - e e e A e e e e A G e S G O e e S e e S e e e e S S e e e S e e e e e e e e e e e e e
o ° a . a a a a a a ] g |
Q S a a a a a a |- a S1 ||
' a €€ 00§ 1L S6€1 a a L |
) % ¥X¥ *X¥ XXX F ¥ ¥ Tl i € _ | |
=] . - 0S¢ - 006h 08 - 19uL8130 | c 3
em G N et S T Daor ITase gy i R T cpiRncl i R o iy i) SR | ey Rabami
wal| 2« a a. a a a a |, a s1 | |
& & 9x a a a a 0S* Ol L _ |
5 2 S g1- S8¢ b 0SSE L L €,
§: - ey cze » 069¢€ S¢ - 1ou18130 a
§ 2 a a a a a a g 1 0¢ _ |
g3 € a a a a 09 .9 S1 i
ES f 99 081 62 0021 09 L g
L. z €€ 09¢ 717 056 09 £ € . ¥
0. - e SES - | 00L1 59 . 10u3120 | 0 |
D3 &4 g L a a e e e e e . |
31 f a a a 5N e 61 I
33 g 09 051 68 6on sh | 6 L i
o S ve- ost 6L 018 09 6- € |
- = L€ - 018¢ S¢ - 18u18130 A |
a a a i a FE v e e |
t g a a a 0S v $1 |
e S a a a a S¢S 8 L ¥
5| E h 0z- oge 98 0Lh 0L 9 £ I
o = . SLT . 09¢¢ 0L - 10633130 | v |
ke . A 9, 9, 24ury) | yaguoass V X0y o, sALR(g | QU iao3 oy ||
= & a3duey) uoTarIA9Q | worie3uold o/, 97ISU9], | SsoUpavy oduwyn m ¥
el © Jy31oM | uotr3eduois | @71Su9y | (Isd) a | DWnTO0A 1 |
- _
x
g 4,007 ® 3SVay9 9-£166 HOAL-NAS _
. VLl X1 374Vl J
\ - PTYEE Tiwd




-

Page 29

206-097=010

Report No.

14

PAGE
20671R-003

MODEL

*(.,07) 1°ABI3 3O 310 UPI - }Uadq 30U PIUxx

RPT

"R commany

SLICOPTE

BELL HF

POAT ®I8"s L THIAS

el

PRST SRFeCL 831 44

Maddy

R.

BY

Finn

.

CHECKED

doGLT ® dSVAUD D-€16€ HOAL-NAS

X dT9VL

*poiuaotadljog = @ iSULON ||
9 | 61 059 0z 0181 0S 01 W
9 g = 0GH 11~ 004¢ 0S 6 61 A
h 0 008 o1~ 0LNT 4x S L L ¥
z *31s93)} SIY3 J03 °]qe1IEAE go1dwes ON 09 € - H
- - 008 - 0§27 09 - 1630 d |
a €L 002 98 | 0.9 a a 0
a L - 008 18 oone a a S1 |
€ L - 008 0§ oshe 0L f L 1
4 €1 059 1L oot L 4 E 1
- “ 0S< - 006% 08 - 10U 8130 | ct i
9 S - ohE z - 0S.€ 09 6 0¢ [ :
9 1 0z€ S 005¢ 09 6 61 . |
S S 01¢ 1¢ 5062 TL L L _ [
€ € 0S¢ 4 0052 SL h €, {
- - SzZg s 069¢ GL - 1eurdiao a ¥
SRS IS U [P S S S U SR | S Gl U S S S | S (S | ————————— S R
€ 89 0L1 £c 01¢1 09 9 0¢ '
€ 9z~ GL9 01 0€S1 SS 9 Sl 1]
1 - 007 9 0091 09 € L r
1 L 00§ 0 00L1 $9 z c._ ||
- - Ges - 0041 59 . Tuu 10 o) '
L L B B B kL T T e SRy S SR USRS Snppep——————
b €e 0S¢ 6L 008 7 8 0¢ 1
h 6 ohe G1 0Sz¢ o9 L 1 '
£ LY 00¢ bl 082¢ 0L 9 L i
z 11~ Ohh A 0022 0L h g ! H
- . } SL€ = 018¢ L - 12u13130 | g ¥
- e - | - - . ] . - . e e e G D e e B B B ke e me e e e e e e e e e e e el o b T S SR — S —————
€ LT 002 A 0€6 09 L 0E ;
€ 6 - 00¢ 01 0€0¢€ LS L S1 |
h R 0S¢ L% 01sg 0L S L H
€ 6t 01h g1 098¢ 0L £ £ |
2 - SLT . 09¢¢ 0L - 1euBTa0 | ¥
o % 9% esnuey) | yasuvais V X0y | % sAug 1 wnou4xm_
238uey) | uotrjerasqg | uoriesduoll % @11su9l | ssaupawvy | o8uvyd “_
3y31oM | uotraeduoly 971SUd] (18d) 2uWnjoA { ﬁm

PTYeE Tuwi




Page 50

206-097~010

Report No.

"Po3sU3 vldwWus ouQx

7o)
!
™
o
w O
o 1
q
o 4
~
Vo)
o
~
b
2
5 «
¥
¥z
ﬂl
0
9.
3
T
I:
gz
02
c
>N oo
ol A
Ol
@
b >4 B
%]
[+ a
-~
pY4
v
-
> T
@ v

+ STLLON
g | UE
| -sNawIodds 40 1
ALIINVAO QEIIWIT OL 30d TIO 808L-T1-1IA OL Q3LOELENS ION TVIdILVA L ,
€
! 1euidTao 3
Rt 1o St e RS T e e e T i e e e Gl
9 56 one 18 056 S9 8 1
S 0 06¢ e 0921 9 8 L |
S e~ 0001 65 0002 0L L € | h
- = . | 08¢ ! - | 006t 08 e 10013120 c
S fs 0s1 18 | 012 3 g oc |
11 > 0ce 69 0511 09 91 S1
h1 Sl GLT 6¢ 0s2e 09 61 L
71 8 00¢ €S 011 9 61 € |
. * (¥4 = 069¢ 15t - 1eu1d120, | g
D S em G W D S s D R D WD NS Se e R S D el W . R S G e ] ] W - - —— . . S R e e WS S s W S e . - - "'l"l"'«l-""-"
11 18 001 2L ot | . 0§ gz -y . DB “
€1 €9 00¢ 64 098 0S U4 §1 u
€1 *3s93 9391dwod 03 ?[qBUN - dI03 OdFaquyg i 12 Z m
Z1 s¢ 0S¢ 1€ 0811 29 A € |
* £ SES - | 001 €9 - 10uT8330 o |
€ L8 0S G8 0§ S9 . 9 0¢ !
9 €€ 0S¢ L9 0421 SS 11 S1 m
L 82 0.2 9% 0691 09 €1 L .
L L= 06¢ g ohll 09 €1 € ﬂ
= - SLE = 018¢ S¢L - 15u18130 € » |
z 79 001 | 48 ons 09 | 9 oc !
S I [ 061 L9 0111 09 01 S1 {
L 91 0£¢ 16 0991 09 €1 L ﬁ
L 9¢- SLE oh 0002 9 1 E. |
" = SLT = 09¢¢€ 0L - 1eurs130 v ”
% % % adueu) | yasuoaas Vv X9y A sagqg | 1TOTId3 KN |
a3usy) uoT3CIA®Q | Uorie3duolly o 971su9] | ssaupaey | a8uwy) w
Jys819M | uorjesduoyd D1ISUY] (1Sd) DWNTOA |

do06¢ ® TI0 808L-T1-TIN

IX 3T9YL

S —

STYLE Tiwd




3L

Page
Report

)

206-097-010

PAGE
20671r-003

MODEL

v

RPT

LICOPTLER commany

BELL HE

- FORT wis e L TLTAS

[LELIE LARRS N 2 NN B

Maddy

R.

BY

inn

F

P.

CHECKED

(..0¢) T[°APIY JO J10 ued - jeoaq 30U PIQ«x :S7LON
“ ) |
*SNAWIONAS 40 51 |
ALIINVNO QILIWIT OL 30d §08.-T-TIK OL GALOALENS ION IVI¥2IVA £
| ...
| | 1044330 Fi
l.llll.l.lll|.l||'lllllj.lll.lll.llll'Llllllllljll.llll.lllllllllll'llﬁlllllllll.l'.lln.||l.|ll|lllllll-
9 L 00< 6L 0201 6L -1 ot
h 0z~ 006 9§ oh1z L S S1
h L 00 9 0992 L h L
h 1= 058 62 0LHExx St S e
- - 0SL - | 0064 08 S 10 e &
ETRERR, KTNSO (V... . AMAOPRCPRR W MBI y £2. o, Sy ... BEISEil) SOCRRSESRs huperpqin ol SICLE JBe
€1 8 00¢ 18 0¢81l 09 81 o€
€1 S 01¢ 0z ¥4 09 |, 61 Gl
£1 11~ 09¢ 01 0CEE S9 61 L
z1 €2 0S¢ 91 So1g 0L 81 i 7% “
» » ¥4 - 069¢ GL - 10u3130 | a
S R I I i e e I Rl I B e
11 4 oon Sh 046 Gs L1 vE
01 L 00§ 8¢ 0901 1 91 Sl
01 8 064 € onll LS S1 L
6 LS 0€T 62 0021 59 Sl e
- - Ges - 0041 $9 - TUu8TI0 0
L 0z 00€ L9 0sz1 9 1 13 i
9 1 = 08¢ 11 G8€EE 09 Z1 c1
L cl= ocYh L 0€s¢E 29 Al L
9 4 o e 0592 L9 41 €
- - SLE - | oise SL - | 1eurdtao g
9 0¢ 0ee 65 0L€1 09 11 ue
9 i g 00¢€ 86 0THT 09 z1 Sl !
L 6 = 00¢ g 01¢e 09 Al L |
9 e 0.2 €€ 0S2e S9 Al 3. e _
- - SLE - 09¢€€ 0L - T0u18140 , S
% A DA 28ueyY) | yysueaas V Xoy 9, sAv(Qg 18 La93 B |
23uey) uotieraaq | uorzeduoid o 911su9] | ssoupaey agueyn W
3y81om | uoriesuoTy 971sudy, (1Sd) QunT0A | |

d,62¢ © TIO 808L-T-1IN
L1IX JTIVL

|

w
_

PTYRE TiRC




*(L0C) LloAvay jo 3no uva - fUoaq JOW pPilxs TPOJUIAOTASIONd = [ XN

~ | V)% |
217 @ | °SNAWIDNIS 40 61 m
o S ALTINVAO Q3LIWIT OL 30d €08L-T-TIW OL omaommaam LoN ,E_Emesz m ”
™~ m ! | v o H

3l = 2| L | | wuidiao | 4|

N 2 9 ¢ a a a a | <9 | 8 0" .

& & h a a a a S¢ |- S s1 | I

; f L9 0S¢ 16 0€h 5L S L . |

o S : oz~ - 006 9s 0L1T 4 SL Y £ m ||

o - » - 0S¢ e 0064 | 08 ! - 12U} 8130 | ct ||

“yH o kL B e e B e e = e e o S =i S e i e SR s i o & e e ) T SRR

edl & & S1 a a a a 09 12 0¢ _ m

2 - €1 a . a a a 09 61 g1 ) i

& f1 ¢ 012 0z 0011 09 61 ‘ __ 1

3 3 S1 T 06¢ 19 sshl 9 12 e | H

2 8 oS sze = 069¢ | st | - 10015330 | a I

33 ¢l g a a a as 44 0E | |

¢z 8 a a a a ss 71 Sl i

F o 8 62 08¢ 64 0.8 5S h1 Skl - |}

G 01 S 09¢ 8¢ 0901 09 61 v [

0. # . SES - 0041 SS - 12065120 | 0 i

w s e e S e B R o o o o e v R o o e o e o o o B e i) S T a5 s o, o 5 A o 0 B . i ) |

S L a a a a 09 €1 o€ H

m 9 a a a i 99 z1 51 |

§s 9 6¢ 0€7T 0L ST11 §9 21 L A

¢z L €5 6Ll 08 0§< TL A% € i}

o . J.5L€ < 018¢€ ¥ - 1PuI8taQ | g ||

- o " . e G A e - o e W A e S G G e e e S e S8 G S e e B o] e e e e e e e e e - e e b e e b e e e e e e e e e b e e e e e e e |

9 a a a a 09 T 0g |
S SR - a a a 5 11 S1 .

e S €1 ohe 0L 0001 9 01 L A _

e 9 6 = 00¢ LS ol 9 11 £ *

< - - SLT 2 09¢€ 0L . 1ruiBiao | v

.m P. 9, A % a8uey) [ yaduoaas vV X0y % sdu( | TBLA9] Uy ¥

z 23ueyn uoijeisag | uorzeduoll % 9711Su9d], | ss2Upavy a3ueyn _"

o o Jy319M ) uorjeldzuciy 91TSU, (1Sd) JWNTOA i

b J

Joo 4,00¢ ® 110 808/-T-TIW |

iy I1IX 376VL . |

LEA AL I 14 19




- -

| *(,,0C) leheL] JO JUO uvd -~ HUudq S0U Pllex :SI10N !
0 g w f ,‘ _ _ 0€ H
21" « M | | *SNaWIodds 40 gt -1
S| m ALIINVAd QILIWIT|[OL 30d 7TI0 §08L-T-TIK OL GALO3CHAS ION TVI¥3LVK L !
b~ { ! e i |y
S m & | ” w 19U 18730 | a
_ REE . e mnnse e snsmns dmmane s oo - K P — K F—— © R ——— S SR — R RS A
& 5 h €1- 0S8 s¢ | 061€ ¢ 0L | S 0E "
: = ~ € L 00¢ L1 060+l sz | € 51 _
| - £ 0 06¢L 8 ZS rxlx SZ - | £ L .
! - £ : g1 - 059 L | OLSExp S¢ | f . “
g = - 05¢ - 006h | 08 | - 1UGI8TI0 | el
i ™| a - e o e e o e ] o o e o 0 ] e e e e
ool & = 4! 02 092 8¢ 0592 | s9 | L1 TR
m o A 01 g - 0S¢ F A 0zsh | 9 at 1 _
: o & 6 1 0z¢ LT 0692 | L9 | €1 L |
53 g ¢ 002 69 0511 | ¢ | 11 £ o f
g : BN BN P R T - _|.069¢ | ¢ d - 1eu;81aQ | a H
§: gt € - 0SS oY eett . S8 | Y4 0¢ | !
¢ el i 00€ 8¢ 0901 | sS 81 st | ||
= 11 a a a a LS 81 L “. H
5 11 1o~ 059 A 021 | 59 L1 £ _ 1
0. e ’ ]_S€s | . 0041 | 69 gk 1oUISTI0 | 0 g
2 9 6 ohE z1 09€€ | 29 |. - ol. oc | 'l
4 2 S &l 01¢ f19 AT 59 6 51 " “
f g 01k L1 051¢ <9 6 L . !
‘03 b 11 See 9¢ oehe 9 L € m
- - SLE = 018¢ L ~ = 18013130 € H
- o - - e ] - TP o ] - e e e e e e e e e e ettt e e T T e
9 & 092 €1 0€62 69 Ul I e N |
S g 00t 0¢- SLEY <9 01 Sl "
£ S Sir- 0014 4 062¢ L9 | 8 L m
oy S f €€~ §9% 3/ 0052 0L | L £ H
I . = = SL2 - | 09g¢e 0L |- | 1vuiBizo | v il
< % % o 28UBYD | Yasuvals VvV Xou | % sAeQ | (9TIR3UN ||
& 23ueun uotjera9oq | woriesduolly % ®11suU9d], | ssaupavy ofuwy) !
| 3y81oM | uorjelduolg 91ISUdL | (ISd Pwn oA | |
> S |
Jog 4,641 ® 110 808/-1-11IN _.
_— AIX 378V __

oTrss Tiwd




*(..0Z) 1°ABI3 JO 3INO uUBX - }E9dq 30U Dlidx« “po3so] o|duWls 2U0x :SZI0N 1]
- | | | ] I |
m - ™ | | g 4 ”\.‘_Nim _C G H ” H |
Q 2 ALIINYNO QELIWIT QL 30@ 1IO ommmm-q-ﬂz oL ompomn_mom LON IVI¥ZLVK L ,, |
w5 _ . € ,_ |
S| 59 | | | touiBrao | 4 |
9 b4 L €€ 00§ 18 016 | 9 { 6 OE _ {
< ~ L 0z- 006 1L oent | <9 6 S1 ! |
: L . on- 0501 h9 064 1l 0L 6 L | 1
° 9 L= 008 €9 0181 | 0L 6 W i
- N . 2 0S4 - 0064 | 08 Sy 12a3S130 | = |
‘ o R et I e I e B e i S e et e et |
o8| & & 8 8¢ 002 oL OSL 3 71 0 | ||
% & ¢ 71 he 512 2L 0£01 5¢ 91 s1 | i
o & 91 ‘BT 062 €L 086 | ss | oz L | 3
y 3 £Y - 92 one LL 098 | 09 | 2zt € | !
£ - i 43 = | 069¢ SL w - L e a2 d 1
- e e - _u
B3 S1 16 05 12 0€€1 T e e 1
- S1 o N 061 <9 009 S¢S 0z * | sl | ||
- h1 0L 091 61 048 - V 61 | L | 1

5 Al ClE 009 £9 0€9 09 | 1 | €_ |
0, Sh " €S - | o0l1 9 | = | 1ourdta0 | o |
i n i 022 99 01ct o JE0 S T N A ¥
I 9 0C 00¢ LS 0591 09 i §1 _ H
B 8 4 082 Sh 0012 09 B L . K
gE 8 66 0€? 65 0451 09 | 4l % ol 1
- = SLE 5 018¢ SL - . | 1Bu1s130 | € » |
9 9¢ L1 92 078 09 TR ]
8 o G 08¢ £9 0s¢1 SS £l S1 w H
c 01 L T4 19 0zel 09 91 L _ |
£ 01 81 T4 19 0621 | 09 91 €. M W
N - = S¢e « o 09¢¢ | 0L “ o 1evrstag |
9 o % % % @3uryD | yiLuoIas | v xoy sAe@ | 1eII93TK ||
< a3ueyn uotjetaq | uorzesduola o >1TSU9L | Ssaupaey a8ucy) ~ f

d jys1am | uorivzuoly @11suoy | (ISd) dun oA .

el v

S d,05C ® TIO 669€¢-T1-TIW ,
g AY_3TEVL |
PTPEE Tuwg




re

* ﬂ CHUTT (90T 30 IO UUL = 5{U0dq 300 pidas <0108
o _ _ | w ﬁ | ot
o_ i | | | °SNEWIDZAS 40 | S1 !
o = ALIINVAO QIIIWIT OL 30d TIO 669€2-T1-T1IW OL amyommmmm ION TIVIWALVA | L N |
i w ”
] B at ” “ 1euidtao | g
1 & = g 6 o o e e o A o A R AL 1 e I A R Ll S
0 © S 0¢- 006 19 0061 | 0L | g ¢ |
S & S 0z- 006 0S 0EHT | & | ® -3 S
S B 058 it 0ELTx* SL | L L M m
S S L= 008 eh 008Zx%x St L TRy = W
A%l 2 - - 0S¢ - 0061 | 08 - | 1eu1d130 | c
G 1 I R -1 O B 5 S e e et e s G e 81 | 0 ! m
vol = & s1 8¢ 002 hh 050¢ | Z9 61 | " SRR 1
34 91 g1 S92 . 85 Shsl 59 0c L m 1
&4 £1 €2 052 0S o8l B € ” |
{: L = cze - 069¢ SL _ - .| 1euid1a0 | a
3 o |llll|ll|l...\.ll|l...llLllllllllillllllllIllLllllllllllllllll|lllrullllllll.llll..llll-Jlllllllll {
§ & 18 001 L onh 59 12 0¢ w |
v 11 0 oeh 1n 0001 sS 0T S1 _ I
i 01 65 0144 o 0L6 . L8 81 L m _
L . 01 g 0SS 92 0521 9 L1 € w |
0 . * » | S€s - | oo g9 - | 1eurs1a0 | D 1
L: R D e 7 e SR B M alebe T ﬂ A
* o L L 0S¢ 9¢ oshe S9 €1 | c1 ,
nl L 15 Vg Sih 6 0LvE S9 z1 L | |
1 9 €S SL1 69 0811 0L i £ ~ .
- - SLg = 018¢ SL - | 1euIs130 | g ¥
R N e - B ol R R R R e e ,---m-----ﬂ--------ww
6 et 0Lg 0z 0692 LS S1 S1 m ¥
N 8 LT 0S¢ e onse 09 - 41 L W H
| o L ¢ = 082 o 0002 9 21 o |
B * - s¢z ~ loege |6z - | 1euiSmo| v |
- D“ o % % oxsueyn SJWCUMU S YV X°¥ A | sAeqg | lei1ao3 el m
o a3ueyd wot3erasq | uoraeduoll A 91TSU9Y | ssoupxey | a3urvyd _ " |
o 3uS19M | uorjelduoiy 911SuRL (I8d) | dWn70A | M |
x |
g d,5¢C ® 110 669€Z¢-1-T1IN
e IAX 279V . “
PTVES Tk




ige 36

<

P

~
ol
o
=t ™
(@) (@]
_EO_
~| O
ol «a &
Ol o o
1 ~
O O
(@} o
ol (]
C
u\.l
Y
b (-
~ o =
oo
9 = <
%
§ -
£ =
g -
(.
b
L,
0"
g .
uu
3
gz
>N O£
Tl =
‘Sf
[y <2
P4
o
(=4
o
-
b4
v
“w
> *
@ ¥

- -

- -

- e - e -

IO

»pHHZADO QILINIT C

- e e e .-

Sh
£
N -
N -

|

8E€
(A
wl-
wl.

e

€S
S¢
155
..—-l

- . - e ]

Lh
LC
6

9¢

|
L 3Nd 1I0 66

- e e e e e e -

Olh

00§

008

008
0S<L

002

§8¢

0S¢

0c¢
gze

- e o - - -

0S¢

0S¢

00¢

ots
SES

- e - -

00¢

SL¢

ohe

one
GLE

- - - - —

9¢¢-1-TIN

| *SNUWIDUAS 0
opampomhwpmpoza<ymmw<z

98 0.9
t8 092
LS 0607
6 SGhh

|
_
|
_

i 0064 | 08 h - | 1eur81aQ 3
88 osh | 33 z ot |
09 ostl €9 81 S1 M
62 0292 g9 l L . .
A 0£sH 44 €1 £ |
- 069¢ V4 - | 1euir81ao a A
15 0¢e T G DA BTN e
6t 098 S £l S1 | 1
L1 0041 Ss 61 L | ,
€ w
T |

- e Y e o o - e e e - . S . e S = e e G e . . e e e e e e .-

¥4
89
9¢ 018¢
CS

- e - e o ] - - = - ekl et e T e ——— - —— -

L 9¢ GL1 (A 0€sd 85 | 9l 0¢ .

9 e - 097 19 0671 §9 | ul S1 |

P e = 08¢ Sh 0981 S9 7l L |

S 9t~ SLE Ay g8ee 0L 11 € _ 4

- . LT gl I | 0L - | teuifizo v

% % A 28UBYD | Yisuda3ls v X9y o sAeqg 1eII93 B}
23uey) | uotrietaag | uorzelduoily % 9711Su?L | ssoupaey | 23uey _ ”
Jys1oM | uorivduoiy 9TISUIT, (iSd) | QWNTO0A | | [ |

d4,00¢ @ 110 669€2¢-1-TIN M
1IAX ZTIEVL |

. PTYEE Tise




| *(1,07) 1°ABJ3 3JO 3IN0 UUA - 3UoJdq 30U DI0xx  :SAION |
o~ [ | { _ m | Ot | _
o N % | | "SXIWIDRdS d0 | 1 | A
= S ALIINYNO QILIWIT QL 3Nd TIO 649€Z-T1-T1I4 OL CALOALEANS LON TVIHZLVA L ‘ |
.r./ m ; __ _ ﬂD | |
q 2 & | _ 1eu181a0 | 2 “
=, n - - llllllllllllllllllllllll|llIIII|IIlLlI|lI111|l.lllll|llllulllllllllIIIlIIIll!.IIIll|I|l i
§. © L= cog g = 001G¥x L f 0€ |

s S € ¢ - SiL f 00LY St e . 1 5 ||
‘ € L 00¢ 01- 0S6t | 08 f L |
3 Z L 00¢ LE- 0149 #x 08 € € |
= L ~ 0S¢ . 006% | 08 : 1euI3130 | 3 _
ST (R il g e e et ¢ e e oo e e T el - G el e |
4 3% e 6 rA oze¢ i 0SG¢ 0L o § Sl |
3 L 8z- Sih 9¢ 04LS 0L | 01 L |
1 s h £z- oo 91- 00€H R € |
1z = - 4% " 069¢ SL S LA 1eu1l1I0 a '
3 e T o o O O s 0 G i s, i < 1 0 0 0 G e T 1 1 v ) e e 0 e - s i e e i s e ]
LE 8 1T 06€ 9¢ 0sz1 09 51 0¢ ¥
v 9’ St= SLL z1 0051 09 11 S1 |
g 9 - 004 0¢ 0S€1 09 71 L |
L. S sl 009 oh 0201 9 & € ||
0. " - Ses - 0021 | §9 = ] LPHRRE0 0 i
9 s o o s i e 0 0 0 3 s i e 5 5 A 2 (4 s e s s 1
Dz 9 6 D CE 06S¢C 0L 01 CE i
: S { 08¢ 12 000¢ | 9 8 S1 4
i f 0 GLE 9 0£5¢€ | (9 8 L |
3z € 91- seh 6 - 0L1f | 0L G- € |
- -~ SlE = 018¢ | 6¢ - 1eurftag g '
RS A e e S N G R0 e g e RN RO |
S o BE= 0L€ 12 080Y g9 8 1 ¥
g ] Le= 0S¢ 1 0zee 0L L L 1
Ear € Th= 06¢€ 91 0€8C | oL S £, B

5 - - * LT = 09¢€ | 0L - | 1°uIsI20 | 4
M..J_ D“ o.\o o\u % _ OU,LC.C.U yiosuoals V Xo¥3 ! % m SALC(Q | TCPILO2EN | |
d ?3uey) uotaetasqg | uoraeduola % 911Su9] | Ssdupacy | a3uey | __
M o 3yidteopM | uorzesroly _ 91ISUdL (1Sd) 2wnjoA | | |
b4 |
L 40541 © TIO 669€C-T-TIN “
g IITAX 3T4VL “

PIPNE TUive




e

7872 9%%420

Page 38

Report -tlo., 206-097-010
BY R. Maddy MODEL PAGE
BELL HELICOPTER commaNy K
PR Finn POST OITICE 03T 482 . aw) weATe L TERAS o 20671R-023

DISTRIBUTION LIST

e B e A T T

C.

Bowen

Bradford (204 Project)
Canavespe (2)

Harvey (296 Project)
Hopfensperger

Kawa (206 Project)
Turner (2)

Lab. Files (4)
ECF




Page 39
Report No. 206-097-010

BELL HELICOPTER COMPANY

Inter-0ffice Memo

October 29, 1971
8L:RDW:dc~831

Memo to: Mr. C. Sloan

: Copies to: Messrs. F. Carlson, M. Gill, C. Harvey, M. Kawa,
] N. Mackenzie, F. Schroder, ECF

Subject: POST~RUN INSPECTION OF 206A-1/0HS58A (SHIP #3)
: GROUND RUN #3 ‘ :

T TR T e

Reference: (a) IOM 8L:RDW:dc-986, September 13, 1971
(b) IOM 8l:RDW:dc-667, February 2, 1971
(c) TIOM 8l:RDW:dc-782, August 31, 1971

T

Post ground run inspection of the main input drive shaft and
tail rotor drive installation on 206A-1/0HS58A ship 3 has been
completed. Disassembly of the tail rotor drive assembly was
accomplished at Plant 6 in the presence of Messrs. McGechan
and Whitford of FAA. A visual inspection of the long drive
shaft and hanger bearing assemblies on the 206-040-304-9
(TDEO 206HA=50) was conducted. All rubber collars were prop+
erly bonded to the shaft, no bearing spinning had occurred,
and all bearings were in satisfactory condition. The 206-040-
304-11 fan shaft assembly was also disassembled and visually
inspected. All components were satisfactory.

Disassembly and visual inspection of the 206-040-~100 (206HA=-
80~1) main drive shaft assembly and 206-040~400 (206HAS5L~-L)

90° gearbox was accomplished at Plant 5A, again in the presence
of Messrs. McGeehan and Whitford of FAA.

The main drive shaft assembly had been assembled with Chicago
Rawhide boots, P/N 720405, and titanium drive shaft, 206BALL36-1.
All details were in satisfactory condition despite an apparent
overhecated coupling on one end. Overheating was evidenced by
discoloration of male and female couplings and a change in con=-
sistency of the coupling grcase. The drive shaft assembly was
installed for evaluation only, since qualification was not re-
quired. No distress was noted.
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It is noted that the 206-040-304-9 drive shaft assembly (Sub-
assemnbly of =304-7 production install configuration) was modi-

fied as follows:

P/N Installed

20611A-46=) Collar
(Made from 206-040~350~1)

206HA~47 -1 Shield (New
additional parts) (Made
from 206-040-349~1)

206HA-9~1 Bearing
206HA-5-1 Hanger

206-040~-35L-1 Spacer
206~040-352~1 Spring

P/N Replaced

206-040~31L5~1 Collar |

206-040-339~5 Bearing

206-040-344~5 Hanger
Assembly

Also, the 206-040~304-11 fan shaft assembly (sub~assembly of
—?04—7 production install configuration) was modified as follows:

P/N Installed

206-061-432~5 Blower
206EA~2703-1 Shaft
206HA-é—3 Spacer
206HA~-7 -1 Hanger
206-040-~352~1 Spring
206HA=9=1 Bearing
20611A~8=5 Spacer
206HA~6~]. Hanger
206=~040+-352-1 Spring

206HA-9=1 Bearing

P/N Replaced

206-040-~320~9 Shaft
206-040-~346-9 Hanger
Assembly
206-040-339-5 Bearing
206-040-345-9 Hanger
Assembly

206-040-~339=5 Boaring

Although the 206HA-46~1 collars and 206HA-47-Ll shields performed
satisfactorily and are considered qualified, no military produc-

. tion of those parts is anticipated.

Only the 206-040-339~5

bedrings and 206~040-344=5, 206=040-345-9, and 206=-040-346=9
hanger assemblies are proposed for military production. The
206-061-432=~]. blower and 206EA=2703-~L shaft were installed for

evaluation,
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Disassembly of the 90° gearbox revealed pitting in the spiral
bevel gear teeth, and the 206-040-408 duplex bearing was rough.
Magnetic particles had collected on the chip detector but not
in sufficient quantity to activate the chip detector light.
This was the third L00O-hour tiedown run for this gearbox, and
the only part that was installed for qualification was the 206-
040-409 roller bearing (MRC 206=224-11). The input and output
shaft seals, 525900 and 525894, made by Chicago Rawhide, and

the output cap,206HA-22-1l, were installed for evaluation. These
parts, including the =409 roller bearing, were in satisfactory
condition and suitable for further operation. An oil .analysis
was made by Wearcheck Inc., and it was determined that chrome
and iron levels in the oil were noticeably high, but otherwise
o.k. This was consistent with the condition of the bevel gears
and the =-408 bearing. :

A dimensional inspection of the details listed in reference (a)
has been accomplished and all parts were found to be within wear
replacement limits.

Based on the satisfactory visual conditions and dimensional in-
spection of the components of the tail rotor drive installation
after ground run #3, the following recommendations are made:

1. 1Incorporate MRC as qualified source for 206-040-409~1 roller
bearing.

2. Replace present 206~040-304-1l drive shaft installation with
the 206-040-~304~7 tail rotor drive shaft installation (per
TDEO 206HA-=50).

/< ‘() ‘ /")zu’/f//

R. D. Walker
Transmission Design Group

e
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